The hormonal control of DNA and protein syntheses in cortical explants taken at 10 to 11 mm from the tip of 3-day-old seedling roots (Pisum sativum cv. Little Marvel) was examined. On the auxin medium, S2M, the cortical cells began to enlarge at day 4 in culture, with no DNA synthesis or ceDl division throughout the 7-day culture period. With the addition of kinetin to this medium, S2M + K, the DNA content of the explants increased about three times by day 3, with further increases thereafter. This DNA increase was followed by cell division activity and subsequent tracheary element differentiation initiated at day 5. At least two divisions per parent cortical cell were required prior to this cytodifferentiation. The absolute hormonal requirements for the DNA synthesis and cell division responses were substantiated by the lack of either response in explants cultured on basal (S2M medium minus auxins) or basal + K medium for 7 days. On the auxin medium, there was no protein accumulation in the cortical explants over the 7-day period. On S2M + K medium, protein accumulation began after day 2 with a steady rate of increase until day 4, and some fluctuation thereafter. The pattern of increasing uptake of '4C-leucine was similar for days 0 to 4 in explants on either medium. After day 4 on S2M, the uptake continued to increase coincident with ceDl enlargement initiation, whereas on S2M + K there was a decline. Incorporation of '4C-leucine into trichloroacetic acidprecipitates of the total buffered homogenate from explants on both media exhibited a similar pattern, i.e. an increase during days 0 to 3 and then a decline to a level about three times higher than day 0. Incorporation into the homogenate soluble fraction also showed a similar pattern in explants cultured with or without kinetin. From the differences in net protein accumulation and the incorporation data, speculation on a cytokinin effect on protein synthesis and degradation rates is presented.
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Previous studies with cortical explants prepared from 3-dayold seedling roots of Pisum sativum cv. Little Marvel have focused on the hormonal regulation of cytodifferentiation following prerequisite cell divisions (17, 20, 21) . The pea root cortical explant system has been clearly defined in terms of the initial cell type which responds, the homogeneity of the final differentiated cell type, and the specificity of the hormones required. When cultured on synthetic medium with auxins and a cytokinin, root cortical parenchyma cells undergo DNA synthesis, cell division, and cytodifferentiation in a determined time sequence forming mature tracheary elements (13, 17 MATERIALS AND METHODS Culture Procedures. The procedures for seedling sterilization and germination, for cortical explant production, and for medium preparation were essentially those of Libbenga and Torrey (13) . The sterilized seeds were imbibed as a monolayer (about 150 seeds/15-cm diameter Petri plate) for 17 hr and germinated on 0.7% (w/v) water agar plates. Seed imbibition and germination proceeded in the dark at 25 C. Cortical explants were prepared from root segments cut 10 to 1 1 mm from the tip of 66-to 68-hr-old seedling roots of P. sativum cv. Little Marvel. The explants had an inner hole diameter of 0.74 mm, i.e. the inner cortex was intact. The timing of imbibition, germination, excision, and medium preparation was rigidly controlled to ensure reproducible responses.
Immediately after excision, the explants were transferred to the synthetic S2M medium (23) , which contained two auxins, 1 /uM IAA and 5 iam 2,4-D. With the addition of 5 /M kinetin (K), this medium was designated S2M + K. The basal medium employed was S2M medium minus the auxins. The explants were cultured on nutrient agar medium in Petri plates (10- (10, 11) . The homogenate was spun in a Sorvall SS-34 rotor at 20,000g for 20 min at 0 to 5 C. The supernatant was removed and stored at -20 C until all samples were collected. Total soluble protein in the samples was determined with the Folin phenol reagent using Cyt c (horse heart, type III, Sigma Chemical Co.) as a standard (15) .
To study protein synthesis in the explants, L-leucine-1-14C (32.4 mCi/mol, New England Nuclear) was added to autoclaved liquid media of S2M and S2M + K at a final concentration of 1 ,uCi/ml. The 14C-leucine added to the media was neutralized with NaOH. At excision and every 24 hr thereafter, the explants were aseptically transferred in dim green light to the appropriate liquid medium with 14C-leucine for 1 hr of labeling in the dark.
Then the explants were transferred to liquid medium with nonradioactive leucine added at five times the molarity of 14C-leucine used in the labeling for a 15-min chase in the dark.
The explants were blotted on a Kimwipe to remove residual medium from the central hole. All further operations were carried out at 0 to 5 C, with solutions at this temperature unless otherwise noted. Four explants/treatment were homogenized in 2 ml of 0.01 M tris-glycine buffer (pH 8.45) using the ground glass homogenizer as above. To determine total uptake of '4C- Millipore filter which was placed in a mini-vial with scintillation fluid as described above. Thus, three parameters were measured from each experimental sample: total uptake of '4C-leucine; total trichloroacetic-acid-precipitable incorporation of 14C-leucine; and trichloroacetic-acid-precipitable incorporation into the soluble fraction of the homogenate.
All samples were stored in the dark at room temperature until the end of the experiment. They were then stored at 0 to 5 C in the dark for 24 hr prior to counting in a Beckman liquid scintillation counter at 0 to 5 C to minimize chemiluminescence of the Aquasol. All samples were counted on the same counter for 10 min with an external standard (14C counting efficiency 93.7%, normal gain 3.40, background 31 cpm). Results with one sample/treatment from two experimental runs are reported, with the data uncorrected for background or counter efficiency.
RESULTS
Cell Division and Cytodifferentiation. Figure 1 shows the change in cell numbers in cortical explants cultured on S2M and S2M + K media. There was no significant change in cell numbers in explants cultured on S2M with auxins alone, and no divided cortical cells were observed in the acid macerates of these explants. The explants cultured on S2M exhibited cell enlargement and cell separation after day 4 in culture, with no subsequent cytodifferentiation. In contrast, on S2M + K, the cell number per explant increased at day 3 approximately 26% above the mean day 0 value and continued to increase throughout the culture period. This cell number increase was a reflection of the cell division activity seen in the acid-macerated explants (Fig. 2B) . Initial cell divisions occurred with little significant change in the parent cortical cell dimensions, while the daughter cells decreased in size with each subsequent division ( Fig. 2A and B) .
Tracheary elements (4-5%) were first observed in explants cultured on S2M + K at day 5. Figure 2C shows a cortical cell from acid-macerated explants in which tracheary elements have differentiated by day 7. The differentiated elements appeared after more than two divisions of the original parent cortical cell. In counting thousands of cells, no cortical explant cells were observed to differentiate directly into a single tracheary element, and no tracheary elements were ever observed in cortical cells at the two-or four-cell stages. At day 7, there were approximately 8 to 10% tracheary elements in the cortical explants cultured on S2M + K.
Explants cultured on basal and basal + K medium showed no significant change in cell number over the 7-day culture period, nor cell enlargement, nor cytodifferentiation. They appeared white and viable for the entire culture period.
DNA Synthesis. The DNA changes in cortical explants cultured on S2M and S2M + K media are shown in Figure 3 . On S2M, there was a slight fluctuation in explant DNA level over the 5-day culture period. In no case, however, was the DNA level of explants on S2M as high as the day 3 value for explants on S2M + K medium, when cell division is occurring in these explants.
On S2M + K medium, there was no significant change in DNA amount between days 0 and 1, while there was a slight increase between days 1 and 2. Between days 2 and 3 in culture, there was a substantial increase in the amount of DNA in the explants, more than twice the amount measured at day 0. This increase in DNA content/explant coincides with ti of cell division in the cortical cells at day 3 and N peak of mitotic activity at 60 hr observed by Philli (17) The explants were cultured in the dark at 25 C on S2M and S2M + K medium (cf. Fig. 1 ).
he observation of cell cycle events. Thus, the change in DNA content of the with the initial explants correlated directly with subsequent cell division activips and Torrey ity; without cell division, there was no preceding increase in itinued in the DNA content of the explants. ther synchrony In Figure 4 , the total DNA changes in explants cultured on basal and basal + K medium are shown in comparison with the standard S2M + K medium explants cultured simultaneously. There was no significant change in DNA content of the explants cultured on basal or basal + K medium, while explants on the standard S2M + K medium responded normally. These explants had their inner cortex removed by a larger punch, 0.79-mm diameter.
Protein Synthesis. Quantitative data on net protein accumulation in Figure 5 were obtained by the alkali extraction (11) paralleled the increase in cell numbers on S2M + K (cf. Fig. 1 ), the amount of protein/cell remained relatively constant in these explants.
The results of uptake of 14C-leucine by cortical explants cultured on S2M and S2M + K are shown in Figure. 6. The pattern of total uptake of radioactive leucine/explant (Fig. 6A) showed a generally increasing rate on S2M, with some fluctuation, over the 7-day culture period. On S2M + K, uptake/explant increased during days 0 to 4 and declined thereafter. Thus, the pattern of increasing uptake of radioactive leucine was very similar for days 0 to 4 in explants on the two media. When total uptake was expressed on a fresh weight basis (Fig. 6B) , the pattern of uptake on S2M changed considerably. Uptake/unit fresh weight increased up to day 3 and declined thereafter on S2M. Thus, the higher uptake/explant after day 4 on S2M was due to the cell expansion occurring in these explants. The results indicated that the addition of kinetin did not stimulate uptake of radioactive leucine above that seen on the auxin medium, S2M. Figure 7 shows the results of incorporation of 14C-leucine into trichloroacetic acid precipitates of explants cultured on S2M and S2M + K. Total incorporation (expressed as per cent of uptake) into trichloroacetic acid precipitate of the buffer homogenates from explants on both media exhibited a similar pattern during culture (Fig. 7A) . During days 0 to 3, the rate of incorporation was maximal in explants on S2M and S2M + K and paralleled that of uptake of 14C-leucine. The rate of incorporation declined thereafter in both cultures to a level about three times higher than day 0. On S2M + K, the day 3 level of incorporation was slightly higher than that observed on S2M.
Incorporation explants with and without kinetin (Fig. 7B) . The rate of incorporation into the soluble fraction was lower than the rate of total incorporation during days 0 to 3 on both media. Again on S2M + K, the level of soluble fraction incorporation declined slowly after day 3. On S2M, the rate fluctuated after day 2 with a slower rate of decline than with kinetin present. From these incorporation data, total and soluble fractions, there was no significant difference between cultures with and without kinetin throughout the culture period, with the possible exception of day 3 being higher with kinetin present.
If the soluble fraction incorporation was expressed as per cent of the total incorporation (Fig. 7C) (17) with the explant system. The distribution of divisions across the cortex of the explants was random, in contrast to the predominant proliferation areas in the inner cortex of cortical explants from 7-day-old seedling pea roots (14) , suggesting physiological differences in the cortex tissue with the developmental age.
Tracheary elements were first observed at day 5 in agreement with results using whole root segments cultured on S2M + K (23) . There was no evidence of any cortical cell differentiating directly into a tracheary element without preceding cell division.
The data from acid macerates of cortical explants clearly indicated that more than two divisions occurred in a parent cell before differentiated elements were observed. This result does not support the suggestion that the cytodifferentiation occurred in the G, period immediately following the first division cycle (18) . Instead, the formation of a "micro-meristem" within the parent cortical cell appeared necessary before differentiation could be initiated. That cell division is an absolute prerequisite for cytodifferentiation to occur in the cortical explants is confirmed here, corroborating previous results (17, 21) Thus, in cortical explants on S2M + K medium, the first 48 hr of culture probably involved cell autolysis and wounding recovery from the explanting process, i.e. "cytosenescence" events. 
